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(54) Tllre: RCEFORME DISPOSmF ET PROCEDE POUR LE TUBAGE D'UN PUTTS 
(57) Abstract 

A prefoxm comprises, distributed along its wall, annular curable zones (3) 
which are radially and outwardly defoimable so that tfaey apply against the wall 
(20) of the well (2). or of the conduit, and which fonn, after curing, anchoring and 
sealing locks for die casing. Application: casing of wells, paiticulajly oil wells, 
or conduits, withont using cement 

(57) Abr^ 

Cetie pidfbime companB, r^wties le long de sa parol, des zones annulaiies 
durcissables (3) aptes ft se d6faRner radialement ven TextMeur pour venir 
s'appUqucr comre la paioi (20) du poits (2), ou dc U canalisation, et qui 
fonncni apits duxcissement des venous d'ancragc ct d*6tanch6it< pour le mbage. 
Applicadons: mbage de poits, notanunent de forage pdtrolier, ou de canalisations 
sans utilisation de ciment ' 
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PREFORME, OISPOSITIF ET PROCEDE POUR LE TUBAGE O'UN PUITS 



La pr&enie invention conccmc unc prdformc soupic qui est d^pliable 
radialement. et durcissablc in situ, aprts qu'elle ait 6i6 mise cn i^acc dans un puiis. 
notamment un puits dc forage pdlrolicr. ou dans unc canalisation, pour y constiiucr un 
tubage cylindrique. 

5 L' invention concerne dgalcment le proced^ pour mettrc cn place, ancrer 

cetie pr^forme dans ie puits ou dans la canalisation, ct order unc ^lanchdite cntrc la 
prfforme et le puits ou la canalisation. 

On connait d6jk des pr^formes donl la paroi est en matiriau souple, 
susceptible d*gtre leplifc sur elle-meme de maniire a presenter un encombrement radial 

10 nettement plus faiblc que le diamfctre du puits ou de la canalisauon k tuber, ou k chemiser 
dans le cas d'une reparation localis^e. La pr^forme est inuxduitc dans le puiis ou dans la 
canalisation k Tdtat rcplil Unc fois qu^elle a ^te posiiionnde k rcndroii voulu. on la 
ddfonnc radialement vers rcxt^eur. par introduction k rintdrieur de la pr^fonne d*un 
fluide de gonflagc. Sous reffet de la prcssion interne, elle prendune fornie cylindrique. 

15 c'cst-i-dire unc section drculairc. L'ancrage de la prtforme ainsi dilaldc k Tintericur du 
puits ou de la canalisation se fait au moycn U'un cimeni que Ton coule dans Tespace 
annulairc separant la paroi extdrieurc de la prd fomc cylindrique de la paroi du puits ou de 
la canalisation. Le durasseraent k chaud. par pcrfym6risation, de la paroi constiiuu ve de la 
prdfoime peut fitic rdalisd soit par introduction d'un liquide chaud k Tintfricur de la 

20 prfforme. soit par cffet Joule au moyen de resistances eiectriques appropriecs disposdes 
dans la prdformc. par exemf^e de fils eiectriques faisant partie de T annaturc de la paroi de 
la prdfonne, iinpr6gn6c de rdsine thcnnodurcissable. 

La demande de brevet intemationale WO 94« 1 887 conccmc la cimentation 
d'un tubage de ce type. 

25 La dmentaiion d' unc telle prforme de ce type pose plusieure probifemes. 

Tout d'abord. elle exige une installation dc cimentodon relativemcni 
sophistiqu6e et coQteuse. 

Par ailleurs, la quality du ciment doit ctre parfajtc. pour pouvoir s'insdrer 
corrcctcment, et de nianiere homogfcne, dans les interstices annulaires. dont I'epaisscur 
30 peut Stre trte faiblc, s6parant la paroi de la preforme dc la paroi du puits ou de la 
canalisation. 
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Enfin. la cimentation n'est pas toujoure ties fiable. car mai contiOlte sur de 
grandes longueurs. 

L-objectif de la pr&ente invenuon est de proposer une priforme du genre 
ci-dcssus d&rit. pouvant etrc mist en place ct ancree k i'int^rieur du puits ou de la 
5 canalisation, sans qu'on n'ait ^ faire usage d' un cimenL 

Get objectif est atieim. conformtfment i l invention. grficc au fait que la 
pr^forme comporte. le long de sa paroi. des zones annulaires durcissables aptes k se 
ddfonncr ladialement vers I'ext^rieur pour venir s'appliquer centre la paroi du puits ou de 
la canalisation et qui fotment. aprfes durcissement. des verrous d-ancrage et d-^iancMite 
10 pourietubage. 

Par ailleurs, scion un certain nombre de caract6ristiques addiUonnellcs. 
non limitatives de I'invention : 

- la prdformc comporte une rdserve de rfeinc polyin^iisablc i chaud 
dispose du c6t^ int^rieur et apte k migrer ladialement vera PexuSrieur k travers la paroi 

15 sous TefTet d'une pression inteme ; 

- die comporte une peau ext<ricure ^astiquement d<5fonnablc. dont 
certains tron9ons en forme de manchons ont une apUtude k la ddformation radiale 
nettement plus grande que celle du teste de la peau, ces tron^ons i^isant lesdits venous ; 

- les tron(ons facilement ddformables sont en tflastomire non renforc^. 
20 tandisquelerestcdelapeauestendlastomfererenfoirt ; 

- ladiie rfeerve eonsiste en des poches annulaires siujte en regard desdits 
tronfons de peau ext^rieurc facilement d6formables ; 

. ladite reserve s'£tend tout le long de la prdfoime. y compris en regard des 
zones de peau ext^ieme non facilement dtfonnabies ; 

- la paroi de la prffoime est composfe d'une fime en r^sine potymerisable 
k chaud et de deux peaux en mat^riau flastomirc. I'une int^rieure. I'autre exttfrieure. 
iadite rtscrve contenant la i6une 6ant d£iimit«e par I'Sme et par la peau intdrieure ; 

- la priforme est munie de joints d'dtanch^ittf annulaires entourant les 
zones durcissaUes destinies k ronstituer les venous. 

Le ptocidi selon rinvention. destin6 k la mise en place, k fancrage, et ^ la 
realisation de r^Uuich<itd d'une pr^fonne telle que d6crite ci-dessus k I'intdrieur d'un 
puits ou d'une canalisation, comprend les tapes suivantes : 

a) on introduit la prtfonne k I'^tat pli< dans un puits ou une canalisaUon 
cylindrique. dom le diamftue est un peu plus grand que celui de la pr^fonne lorequ'elle 

35 estradialement d^ployte; 

b) on introduii un Huide sous pression k Tint^rieur de la prdfonne pour 
ramener^ I*^t^ngoureusementcyJindrique ; 



25 



30 
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c) on provoque ia dtfonnation desdites zones annulaires vers rexi^ricur 
pour Ics appliquer contrc la paroi du puits ou de la canalisaiion ; 

d) on provoque ie durasscmcnl dc la prdfonnc ct des zones annulaires. 
De manifere avaniagcuse, k T^cape c ) on chauffe la r^ine contcnuc dans 

5 ICS pochcs annulaires dc mani&rc k la liqudfier ct la faine migrcr vers rcxtcrieur sous 
reffct de la pression interne el. h I'tope d), on mainlieni cclte rtsinc eicellcconsUtutive 
dc la paroi dc la pr^fonne k la tempfemire de polymeJrisation dunmt un temps suffisant 
pour obtenir le durcissement de Fensemble. 

D'auues caracl^suques et avantages de PinvcnUon apparaltront de la 
10 description ct des dessins annex&. qui en repn&entent. k litre d*exemples non limitaiifs. 
des modes de realisation prdTdreniiels. 

Sur CCS dessins : 

- la figure 1 esl une vue en coupe sch6mauque d'une prtfonne confonne k 
TinvenUon, aprfes introduction et d^ploieroent radial, mais avant ancragc, h rinl6rieur 

15 d*un puits de forage p^trolier ; 

- les figures 2 et 3 sent des sections transvcrsales de la prdfomie kV€m 
initial rcpU^. scion deux modes de repliemcnt difftrenls ; 

- la figure 4 esl une vue similaire k cellc des figures 2 et 3. qui repr^ntc 
la prfforme radialement d^loy^, pour prendre une fonne cylindriquc : 

- la figure 5 est une vue partiellc, en coupe axiale, de la paroi dc la 
pr^forme, au niveau d'une zone annulaire durcissablc dcstin^e k constituer un vcrrou 
d'ancrage, avant qu'cUe n'ait 6t6 d6fonn6e radialement vers Tcxt^ricur ; 

- la figure 6 esl une vue similaire k la figure 5. repr^ntani ia p«!formc 
apr^ deformation et durcissement du venou ; 

- la figure 7 esl une vue schdmatique d'un tronfon de pr^fonnc d^ploy^, 
qui est dquipd de plusicurs joints d^^tanchdit^ au niveau de la zone annulaire duicissable 
destindc k constituer un venou d*ancrage ; 

- la figure 8 est une vue en coupe longitudinale au niveau du joint, aprts 
ancrage ct durcissement de la pi^forme dans un puits. 

' figures 9 et 10 sont des vucs analogues aux figures 5 et 6 respective- 
menl, reprdsentant une variante de la prdforme. 

A la figure 1 on a repr&ent^ une prtforme 1 confonne k Tinvention. qui 
est placfe k rint^rieur d'un puits de forage p^trolier 2. dont la paroi cylindrique esl 



20 



25 



35 



ref6rcnc6c 20. 



La prff onmc est de type connii. en mat^riau thennodurassable, pol ymdrisa- 
ble k chaud, qui avant mise en place k rinUJricur du puits est repliiSe longitudinalemenl de 
fa^on k prdsenier un encombrement radial r^uiL 
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Le pliage pcut 6tre r^aJisf en "U" comme reprtscntf sch<niatiquemei« 4 la 
figure 2. ou cn "cscargol" comme rcpr&ent<5 k la figure 3. 

Aprfes mise cn place sur la longueur voulue. k I'intfricur du puits 2 la 
prcfonne est d^ployde de manie«. . prendre une fonne cyli«,rique. comme iilustree aux 
5 figures 1 ct 4. 

Cette dilatation ladiale sc fait par introduction d'un fluide sous pression 
dans 1 es,«ce tnt^rieur 100 de la pr^forme. Pour cela. i. est pr.vu une canalisation 4 
penetrant de maniac ^tanche en cxtrdmitd supedeure 1. de la preforme. I'amen^ de 

10 boueliquideextraitedu puits. 

L-extn5mitd basse 1 b de la prdforme est naturellemeni obtur^e par des 
moyens de fermeture appropries. 

A r^tat d6ploy^. la paroi 10 de la prtforme prdsente done une forme 
ngoureusement cylindrique. de diamfetre calibre. U diamiue de sa surface extdrieure est 
15 cho..deman.*re.itretr*sl6girementi„fdrieuraudiam.t,edelaparoidupui.s 

178 „,im™., ''^^'''"^P'^- 'e diamfctre exteme de la prfforme serade 
178 milUmfctres. land« que ie diamit« de la paroi 20 sera de 184 millimfeues 
3millim^,«. ""'"'''°"""-*^""""'^"-'^-»'-^-'-^'^e«.parexemple. de 

Cet espace annulaire librc sur toute la hauteur de la pr6forme oermei 
d'evacuer la boue au cours du gonflage. Praorme permet 

Selon une caracttfristiquc essentiellc de l inveotion. la prtforme 1 est 
pourvue de plusieur. zones annulaires durcissables rdparties le long de sa paroi aptes , 

ITS • '''"^ ''"^"^ ''^^^^ « ^''^^^^ Po- le 

cubage. Ces verrous som repr^senuSs en trails interrompus et r^f^ 3 i figu„ , 

L« diffdrents venous 3 sont espac& de distances L. . L, pr^tennindes 
qiu ne sont pas n&essairement 6gales. 

A Utrc indicatif. la prcfonne a une longueur pouvam atteindre 3 000 
L'espacement des venous 3 pouna etre compris entre 5 et 50 metres, par 

La hauteur des venous sera de Tordrc de 0^ a 3 rofetres. 
Dans le mode de r«£alisaUon repr<sent6 aux figures 5 et 6. la paroi 10 de la 
p^nne «. constitute d' une tme thennodurcssable 5 pcise en sa^lwich eZu^e ^ 
inteneurc 6 ct une peau extdrieure 7. ™ 



20 



30 mfctrcs. 



exemple. 
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L'Smc 5 est une r&ine polymdrisable ^ chaud. a rinlerieur de laqudic est 
noy6e une araianire de renforccmeai compost dc fibres 50, telles que des fibres de verrc 
ou de carbone, certaines circonKFeniielles el d*autres longitudinales. 

La peau int6heure 6 est en materiau ^lastom^re (caoutchouc synth^tique) 
5 non renforc^. La peau extirieure 7 est en n»t6iau «aslomere. renforcc par un Ussu 
faiblement extensible. 

La zone annulaire destin^e h constituer Ic verrou fonne un reservoir 
(poche) d^Hmit^ d'une part par rime 5 et d'autrc part par un rcnncment 6\ dmg6 vers 
I*int6ricur 100 dc la prfForme, de la peau int^rieure 6. Ce r^rvoir contient une rdsinc 60. 
1 0 polym^sable ^ chaud. 

En regard du renflement 6\ la peau ext^rieure 7 est inlcrrompuc pour cu^e 
rempiac^e par un manchon 8. Celui-ci est convenablemeni relid el fixd, par exemple par 
collage, k la peau 7. Le manchon 8 est en materiau ^lastomfcre non renforc^. II est done 
extensible radialement, contrairement au reste de la peau ext^heure 7. 
1^ A litre indicatif, F^sseur de chacunc des pcaux 6, 7 est de I'ordre de 2 

millimfetrcs, tandis que I'ame 5 a une ^paisseur comprise cntrc 5 et 15 millimetres. 

La r&ine 60 est choisie pour poss^er une viscosit6 ^levde k temperature 
ambianie, et une viscosity faible h temperature eievdc, par exemple h parlir de 80*C 
environ. Elle dcvient alors liquide el susceptible de migrer A travere I'Sme 5 el son 
20 annature 50, vers I'exterieur. 

L'ancrage de la pr^forme dans ie puits se fail de la mani^re expliqude ci- 

aprfes. 

On procMc tout d'abord au ddploiemcnt radial dc la preforme. en y 
introduisant le liquide L, comme d^j^ dit plus hauL La prdforme va done prendre 
25 progressi vemenl une fome cylindrique, tandis que la boue prtsente k 1 ' inierieur du puits 
est chass^e dc Pcspacc annulaire resie libre et rcmonlc en surface. C'cst du rcstc ccllc 
meme boue qui peut §tre utilisee comme liquide de gonfiage L. via un circuit de pompage 
ad hoc. 

La pression du liquide L est choisie de telle maniferc qu'il y ait une 
30 difference de pression relativemcnt eievec. par exemple de Tordrc de 10 bars, entre les 
liquides iniericur et exterieur k la prdforme. La preforme est retenue dans sa position 
correcte k Tintericur du lube par un appareillage approprie insialie en surface, et non 
reprdsente. 

Ensuitc, on procfede au chauffage de la paroi de la preforme, soil en 
35 substituant au liquide L un liquide chaud, soil par effct Joule, k Taide de r&isiances 
eiectriques appropriees moniees dans la preforme. Get apport de chaleur va fluidincr la 
rtsine 60 contcnue dans les poches 6\ ainsi que ccllc de Fame 5. 
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Sous I'effet de la pression p du fluidc int6rieur, la rdsinc liquide va alors 
migrer de rinl^rieur vers rexldrieur. loui en refoulani la r^sinc constituiive de Tame 5, ^ 
travers ceiie dcmidrc pour former dcs hcmies annulaires 61 qui vont venir s'appliquer 
- par rintermidiairc des iron9ons de peau 8 faciiemenl d^formablcs - conire la paroi 20. 
avec une pression relativement forte. Bien entendu, la capacity des r&ervoirs et. 
corr6lativcment, ie volume de la r^sine 60 sonl choisis suffisanls pour combler coirecie- 
ment Fcspace annuiaire correspondant au jeu et d^former suffisammcni les venous 3 
vers rextdricur, conlrc la paroi 20. Les iron9ons 8. aprfes expansion radiale, sont 
r^f^renc^ 8* sur les dessins. 

On continue ensuite k apporter k la pr^forme et au verrou les calories 
n6cessaires, pendant une dur^e suffisanie - gdn^ralcmcnt de quelques hcures - pour 
obtenir la polymerisation de Tensemble de la paroi. y compris cclle des verrous. 

On oblient done ainsi un tubagc rigide k paroi intdrieure cylindriquc, et 
dont la paroi exidrieure est formfe de bourrelcts annulaires qui constituent des zones 
15 d*ancrage et d'^tanch^it^ du tubage dans le puits 2. 

Les operations finales consistent k enlever le liquide se trouvant k 
rintdrieur de la pr^forme, k retircr le conduit 4, et k 6liminer les extr6mites de prtfonne 
haute la et basse lb. 

La partic 1 a peut atre enlev^e simplement par sciagc transvcisal. La partie 
20 basse 1 b peut eae enlev6e par forage axial k V inierieur du tubage. 

II convient de noter, que Ja localisation des verrous 3 est parfaitemenl 
contrdiee par suite de la pr&ence des manchons 8 dont Taptitude k Texiension radiale est 
pltis grande que le reste de la peau exterieuie 7. 

La dtfomation de la peau inierieurc 6 vers Texterieur, k la fin de la 
25 migration de la rdsine vers rexidricur, est limits car cette peau 7 va venir prendre appui 
contrc la suiicture filamcniaire 50 de TSme 5. Ainsi, on est assure que la paroi intericurc 
du tubage aura une forme rigoureusement cylindrique sur toute sa hauteur. 

Les verrous annulaires seront positionn^s k la demande. selon les 
caracteristiques physiques du puits k tuber, le long de la preforme. notamment en 
30 fonction de la disposition de certaines zones aquiferes. 

Pbur ameiiorer Petancheite cntre la preforme et la paroi du puits, il est 
possible de pre voir, au niveau des venous 3 des joints d'etancheite. 

Cette possibilite est illustree aux figures 7 et 8. Les manchons dilataHes 8 
sonl gamis d'un ou de plusieurs joints d'etancheite 9. par cxemple au nombre de trois. 11 
35 s'agit par exempic de joints souples. aptes k se deploycr radialement en m&ne temps que 
la prefonne. pour prendre une fonne lorique. Aprfcs dilatauon radiale et durcissemenl des 
venous, les joints se trouvcnt loges dans une gorge annuiaire de la peau cxterieurc 8\ 
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assurant une parfaite ^tanch^ite k ce niveau. Cette technique d*^tanchdic^ fait I *objet dc la 
demande dc brevet 94 03629 depos^ par la demanderesse le 23 mars 1994. Elle est 
appliqu^e ici aux zones d'ancrage de ia pitrorme. 

II convient de nocer que ia resine 60 peui tester empnsonnee pendant une 
5 tongue dur^e k Tint^rieur des poches 6\ sans risque de degradation. 

Ainsi, les pr€forznes peuvent «tre stocWcs sans dommages. miscs en place 
au moment voulu, puis ancr6es ^galement au moment voulu. Du reste, il n*est pas 
necessaire dc r6aliser la polymerisation de la pi^forme et des vcrrous juste apr^ le 
d^loiement tadial de la preforme. Ces operations peuvent etre men6es succcssivcmeni au 

10 moment opportun, notamment fonction de la disponibiiite du personnel affecte k ces 
tiches. 

Dans la variante de preforme illustrte aux figures 9 et 10, dans lesquelles 
les mcmcs references qu'aux figures 5 el 6 oni ete uulisees pour designer des elements 
identiques bu similaires, la reserve de resine polymerisable h chaud 600 n'est pas 

15 confinee dans des podies. Au contiaire, elle occupe un espace annulaire, entre ame 5 el 
peau interieurc 6, qui s*etend tout le long de la preformc 7. y compris en yis-^-vis des 
zones de peau exterieure renforcees, et non facilcment deformables (voir figure 9). Lors 
de Tapplicaiion de la pression interne p. la lesine liquide va migrer k Tinterieur de Tame 
5. Cependant. vers I'exterieur, elle ne va ressortir qu^en regard des tron9ons 8 facilement 

20 deformables, formant^ce niveau les bourrelets d'ancrage 8'. 

Cctie variante de preforme esi d'un prix de revient plus faible que cclui 
d'une preforaie k poches. 

A litre indicatif, ia peau exterieure 7 a une epaisseur de I'ordre de 2 i 
3 mm, rame 5 une epaisseur comprise entre 5 et 15 mm , la resine 600 une epaisseur de 
25 Tordre de 0,4 mm et la peau interieure 6 une epaisseur de Tordre de 2 mm. 

Bien que dans le mode de misc en oeuvre de TinvenUon qui vient d^fiue 
decrit en reference aux dessins, on ait affaire au tubage d*un puits vertical, et plus 
precisement d'un puiis de forage peirolier, la presenie invention s'applique egalemcnt au 
tubage de puits souterrains, qui nc sont pas forcement verticaux, et au tubage de 
30 canalisations, par cxemple de pipe-lines ou de gazoducs en vue de Icur reparation in situ 
par mise en place d*un diemisage interne. 
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REVENDICATIONS 

1 . Prtfortne souple depliable radiaJement et durcissabie in situ aprts 
mise en place dans un puits ou une canalisation pour y ooiistituer un tubage cylindrique. 
caract6ris<e par le fail qu'elle cwnporte le long de sa paroi des zones annulaires durcissa- 
bles (3) aptes k se dfifonner radialement vers rextdrieur pour venir s'appliquer contre la 

5 paroi (20) du puits (2) ou de la canalisation et qui fonnent apiis durcissemem dcs venous 
d'ancrage et d'^tanch&t^ pour le tubage. 

2. Prtfforme selon la revendication 1. caract^riste par le fail qu'elle 
comporte une r&erve de r&ine polyni<5risable k chaud (60. 600) dispostfe du cdt£ 
int^rieur et apte ^ migrer radialement vers I'exitfrieur k travets la paroi (10). sous I'effet 

10 d' une pression interne (p). 

3. Prdfonne selon Tune des revendications 1 ou 2. caractirisfe par le fait 
qu'elle comporte unc peau extrfrieurc «astiquemcnt d^fonnable (7) dont certains tron5ons 
(8. 8 ) en forme de manchons. onl une aptitude k la dtfformation ladiale nettement plus 
grande que celle du reste de la peau (7). ces tron9ons r<5alisant lesdits venous (3). 

4 . Pr^forme selon la revendication 3. caiact^ris^e par le fait que les 
tron9ons (8. 8*) fadlement d^formables sent en 61astomere noa renforc^, tandis que le 
reste de la peau (7) est en dastom^ lenforc^ 

5 . Prtfonne selon la revendication 2 d'une part, et 3 ou 4 d'autre part, 

prises en combinaison. caractdrisfe par le fait que ladite r&erve consiste en des poches 

20 annulaires situte en regard desdits tronfons (8) de peau ext^rieure facilement dgfonna- 
bies. 

6 . Prtfonne selon la revendication 2 d'une part, et 3 ou 4 d'autre part, 
prises en combinaison. caract^ris^e par le fait que ladite r&erve (600) s'^lend tout le long 
de la prfiforme. y compris en regard des zones de peau ext^rieure non facilement 

25 ddformaUes. 

7 . Prdfonne selon 1' une des revendications 5 ou 6. caracKris^e par le fait 
que la paroi de la prdforme est compos6e d'une ame (5) en r&ine polym^iisable a chaud 
et de deux peaux en matdiiau flastomfere. I'une ini^tieure (6), I'autre extdiicure (7), ladite 
reserve conteoant la r^sine (60. 600) dtant d£limit£e par I'Sme (5) et par la peau int^eute 

30 (6). 

8 . Prabrme sdon la revendication 7, caract&is^e par le fait que Tame (5) 
comporte une annature filamentaire (50) noyfe dans la r&ine. 
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9 . Prfifonne selon Tune des revendicaUons 1 ^ 8. caraci6ris6e par le fait 
qu'elle est munie dejoints d*dtanch€it^ annulaires (9) cmounuit les 2o«s duicissables (3) 
destinies & coisUtuer ies venous. 

10. Proc6d<5 pour mettre en place, ancrer et nSaliser Tdtanchtfitd d'une 
prcforme confonne kVunt des revendicaUons pr^cidenies dans on puits ou une 
canalisation cylindiique. selon lequel : 

a) on introduit la prtforaie ( 1) i I'dat pli6 dans le puits (2) ou la canalisa- 
tion, dont le diamitie est un peu plus grand que cclui de la prcforme loisqu'clle est 
radialement d^oy^ ; 

b) on introduit un fluide sous pression k l int^ricur dc la prtffonne (1) pour 
I'amener k Vim rigoureusement cylindiique ; 

c) on provoque la deformation desdites zones annulaires (3) vers 
rext^rieur pour les appliquer centre la paroi (20) du puits (2) oude la canalisation : 

d) on provoque le durdssement de la pr6fonne (1) ci des zones annulaires 

15 (3). 

1 1 . Proctfdtf selon la revendication 10. applique k une pnSfonne confonne 
k rune des revendicaUons 5 ou 6. caract^risi par le fait q^x'k I'^tapc c) on chaufTe la 
r&ine (60) contenue dans les poches annulaires de mani&re Ik la liqu^fier et la faire migrer 
ven, I'exterieur sous I'elTet dc la pression interne (p) et qu'4 Vetkpt d) on mainUent cette 
20 r&me et ccUe constitutive dc la paroi de la pr<fonnc k la lempdrature dc polymerisation 
durant un temps suffisant pour obtenir le durdssement de I'ensemble. 
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PREFORM, DEVICE AND METHOD FOR CASING A WELL 



The present invention concerns a flexible preform that is radially foldable and curable in 
5 situ, after it has been placed in a well, particularly an oil well, or in a conduit, in order to constitute 
a cylindrical casing therein. 

The invention also concerns the method for positioning, anchoring this preform in the well 
or conduit, and creating a seal between the preform and the well or conduit. 

Already known are preforms the wall of which is a flexible material that can be folded on 
1 0 itself in order to have an overall radial dimension that is significantly smaller than the diameter of 
the well or conduit to be cased, or to be lined in the case of a localized repair. The preform in its 
folded state is inserted in the well or conduit. Once it has been positioned at the desired location, 
it is radially deformed outward by Introducing an inflation fluid into the preform. Under the effect of 
the Internal pressure, it takes a cylindrical form, that Is, a circular cross section. The anchoring of 
15 the expanded preform to the interior of the well or conduit is done by means of a cement that is 
poured into the annular space separating the outer wall of the cylindrical preform from the wall of 
the well or conduit. The curing of the preform wall by polymerization can be accomplished either 
by introducing a hot liquid inside the preform, or by the Joule effect by means of appropriate 
electrical resistances arranged in the preform, for example electric wires comprising part of the 
20 wall structure of the preform, impregnated with heat-setting resin. 

International patent application WO 94/21887 concerns cementing a casing of this type. 
The cementing of a preform of this type poses several problems. 
First, it requires a relatively sophisticated and expensive cementing facility. 
Moreover, the quality of the cement must be perfect in order to be able to insert it 
25 correctly and homogeneously into the annular interstices, the thickness of which can be very 
small, separating the wall of the preform from the wall of the well or conduit. 
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Finally, the cementing is not always very reliable because it is poorly controlled over long 

lengths. 

The objective of the present invention Is to propose a preform of the type described 
above that can be positioned and anchored inside the well or conduit without the need to use 

cement. 

This objective is achieved, according to the Invention, due to the fact that the prefomi has, 
along its wall, annular curable zones that are radially and outwardly deformable so that they apply 
against the wail of the well or conduit, and which form, after curing, anchoring and sealing locks 
for the casing. 

Moreover, according to a number of additional, non-limiting characteristics of the 

invention: 

- the preform has a resen/oir of heat-curable resin on its Inner side that can migrate 
radially outward through the wall under the effect of an internal pressure; 

- it has an elasttcally defomiable outer skin, certain sleeve-shaped sections of which 
have a capacity for the radial deformation that is significantly greater than that of the rest of the 
skin, these sections accomplishing said locks; 

- the easily deformable sections are made of non-reinforced elastomer while the rest of 
the skin Is made of reinforced elastomer, 

- said reservoir consists of annular pockets situated opposite said sections of easily 
deformable outer skin; 

- said reservoir extends the full length of the preform, including opposite the areas of 
outer skin that are not easily deformable; 

- the wall of the preform is composed of a heat-curable resin core and two skins made of 
elastomer material, one Inside and one outside, said reservoir containing the resin being 
delimited by the core and by the inner skin; 

- the preform is provided with annular seal rings encircling the curable areas intended to 
constitute the locks. 

The method according to the invention, intended for the positioning, anchoring, and 
sealing of a preform as described above inside a well or conduit, is comprised of the following 
steps: 

a) the preform in its folded state is inserted in a well or cylindrical conduit, the diameter of 
which is a little larger than that of the preform when it has been radially deployed; 

b) a fluid under pressure is introduced into the preform to change it to a strictly cylindrical 

state; 
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c) said annular zones are deformed outward to apply them against the wall of the well or 

conduit; 

d) the preform and the annular zones are cured. 

In an advantageous way. In step c) the resin contained In the annular pockets is heated 
in order to liquefy it and cause it to migrate outward under the effect of the interna! pressure, and 
in step d), this resin and the rssin of the wall of the prefonm a-'e maintained at the polymerization 
temperature for enough time to obtain the curing of the whole. 

Other characteristics and advantages of the invention will appear from the description 
and the appended drawings, which represent, by way of non-limiting examples, preferential 
embodiments. 

In these drawings: 

- Figure 1 Is a diagrammatic cross sectional view of a preform according to the invention, 
after insertion and radial deployment, but before anchoring, inside an oil well; 

- Figures 2 and 3 are transverse cross sections of the preform In its initial folded state, 
according to two different methods of folding; 

- Figure 4 is a view similar to Figures 2 and 3. which represents the radially deployed 
prefonm to take a cylindrical form; 

Figure 5 is a partial view, in axial cross section, of the wall of the prefomi at one curable 
annular zone Intended to constitute an anchoring lock, prior to being radially deformed outward; 

- Figure 6 is a view similar to Figure 5. representing the preform after defomiation and 
curing of the lock; 

- Figure 7 is a diagrammatic view of a section of deployed prefomn. which is equipped 
with several seal rings at the curable annular zone intended to constitute an anchoring lock; 

- Figure 8 is a longitudinal cross section at the ring, after the prefonn is anchored and 
cured in a well. 

- Figures 9 and 10 are views similar to Figures 5 and 6, respectively, representing a 
variant of the prefomn. 

Figure 1 represents a preform 1 according to the invention, which is placed inside an oil 
well 2. the cylindrical wall of which is referenced as 20. 

The preform is of a known type, made of themiosetting. heat-curable material, which, 
prior to being placed inside the well, is folded longitudinally so as to have a reduced radial 
dimension. 
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The folding can be done in "U" shape as shown diagrammatically in Figure 2» or "snail" 
shape as represented in Figure 3. 

After being positioned inside the well 2 along the desired length, the preform is deployed 
so that it takes on a cylindrical form, as illustrated in Figures 1 and 4. 

This radial expansion is accomplished by introducing a fluid under pressure into the 
preform 's intemal space 100. To do this, a conduit 4 is provided that sealably penetrates the 
prefomi at its upper end la and canies the fluid from the surface S of the well. The fluid used can 
simply be the liquid mud extracted from the well. 

The lower end lb of the prefomn is naturally plugged by an appropriate closing means. 

In its deployed state, the wall 10 of the preform has an strictly cylindrical shape, of 
specific diameter. The diameter of its outer surface is selected so as to be slightly less than the 
diameter of the well's wall. 

By way of non-limiting example, the outside diameter of the preform will be 178 
millimeters, while the diameter of the wall 20 will be 184 millimeters. 

There is therefore an annular space j the radial value of which, for example, is 3 
millimeters. 

This free annular space along the full height of the preform allows the mud to be 
evacuated during inflation. 

According to one essential characteristic of the invention, the preform 1 is provided with 
several annular curable zones distributed along its wall, which are radially and outwardly 
defomiable so that they apply against the wall 20 of the well, and which after curing, form 
anchoring and sealing locks for the casing. These locks are represented by broken lines and by 
references 3 in Figure 1. 

The different locks 3 are spaced at predetermined distances L|. that are not 
necessarily equal. 

By way of example, the prefonn has a length that can reach 3.000 meters. 
The spacing of the locks 3 can be between 5 and 50 meters, for example. 
The height of the locks will be on the order of 0.5 to 3 meters. 

In the embodiment represented in Figures 5 and 6. the wall 10 of the prefonn is 
composed of a heat-setting core 5 sandwiched between an inner skin 6 and an outer skin 7. 
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The core 5 is a heat-curable resin. Inside which is embedded a reinforcing structure 
composed of fibers 50, such as glass or carbon fibers, some of which are circumferential and 
others longitudinal. 

The inner skin 6 is an unreinforced elastomer material (synthetic rubber). The outer skin 
7 IS an elastomer material reinforced by a slightly expandable fabric. 

The annular zone Intended to constitute the lock forms a reservoir (pocket) delimited by 
the core 5 as well as by a bulge 6*, toward the interior 100 of the prefomi. In the inner skin 6. This 
reservoir contains a heat-curable resin 60. 

Opposite the bulge 6', the outer skin 7 is interrupted to be replaced by a sleeve tube 8. 
This sleeve tube is appropriately connected and attached, for example by gluing, to the skin 7. 
The sleeve tube 8 Is made of an unreinforced elastomer material. It Is therefore radially 
expandable, unlike the rest of the outer skin 7. 

By v/ay of example, the thickness of each of the skins 6. 7 is on the order of 2 millimeters, 
while the core 5 has a thickness of between 5 and 15 millimeters. 

The resin 60 is selected to have a high viscosity at ambient temperature, and a low 
viscosity at high temperature, for example above about 80*^0. It then becomes liquid and can 
migrate outward through the core 5 and its reinforcing structure 50. 

The anchoring of the preform in the well Is done as explained In the following. 

First, the prefonm is radially deployed by introducing the liquid L into it, as already 
mentioned above. The preform will then progressively take on a cylindrical shape, while the mud 
present Inside the well is forced out of the annular space that remains free, and rises to the 
surface. The rest of this same mud can be used as the inflation liquid L. by means of a suitable 
pumping system. 

The pressure of the liquid L is selected so that there is a relatively high pressure 
differential, for example on the order of 10 bars, between the liquids inside and outside the 
prefomn. The preform is held in its proper position inside the pipe by an appropriate device 
installed at the surface, and not represented. 

Next, the wall of the preform is heated either by replacing the liquid L with a hot liquid, or 
by the Joule effect using appropriate electrical resistances mounted in the preform. This heat will 
liquefy the resin 60 contained in the pockets 6', as well as the resin of the core 5. 
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Under the effect of the pressure p of the internal fluid, the liquid resin then migrates 
outward from the interior, while forcing the resin comprising the core 5 through to form annular 
bulges 61 which will be applied - by means of sections of easily deformable skin 8 - against the 
wall 20. with a relatively strong pressure. Of course, the capacity of the reservoirs, and 
correlatively. the volume of the resin 60, are chosen so as to be sufficient to correctly fill the 
annular space j, and to sufficiently deform the locks 3 in an outward direction against the wall 20. 
The sections 8, after radial expansion, are referenced 8' In the drawings. 

The necessary calories continue to be applied to the prefomn and to the lock for enough 
time - usually a few hours - to obtain a curing of the wall assembly. Including the locks. 

Thus, a rigid casing Is obtained with cylindrical interior wall, and the outer wall of which Is 
fonmed of annular rolls that comprise anchoring and sealing zones of the casing in the well 2. 

The final operations consist of removing the liquid from inside the preform, withdrawing 
the conduit 4, and eliminating the upper and lower ends 1a and lb. respectively, from the preform. 

The part la can be removed simply by transverse sawing. The lower part 1b can be 
removed by axial boring inside the casing. 

It should be noted that the locatton of the locks 3 is perfectly controlled due to the 
presence of the sleeve tubes 8. which have a greater ability to extend radially than the rest of the 
outer skin 7. 

The outward defonmation of the inner skin 6. at the end of the outward migration of the 
resin. Is limited because the skin 7 will come up against the filament structure 50 of the core 5. 
This ensures that the interior wall of the casing will have a strlcUy cylindrical shape along its full 
height. 

The annular locks will be positioned where desired, depending on the physical 
characteristics of the well to be cased, along the prefonm. particulariy as a function of the location 
of certain aquifer zones. 

In order to improve the seal between the preform and the wall of the well, seal rings can 
be provided at the locks 3. 

This possibility Is Illustrated in Figures 7 and 8. The expandable sleeve tubes 8 are fitted 
with one or more seal rings 9. for example three in number. These are flexible rings, for example, 
capable of being deployed radially at the same time as the prefonn. to take on a toroidal shape. 
After radial expansion and curing of the locks, the rings are lodged in an annular groove of the 
outer skin 8', 
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providing a perfect seal at this point. This sealing technique is the object of this applicant's patent 
application No. 94 03629 filed on March 23. 1994. It is applied here to the anchoring areas of the 
preform. 

It should be noted that the resin 60 can remain enclosed for a long time inside the 
pockets 6', with no risk of degradation. 

The preforms can therefore be stored without damage, put in place whenever desired, 
then also anchored whenever desired. Furthemnore, the prefonn and locks do not need to be 
cured until after the radial deployment of the preform. These operations can be performed 
successively at the proper time, depending on the availability of the personnel assigned to these 
tasks. 

In the preform variant illustrated in Figures 9 and 10. in which the same references as in 
Figures 5 and 6 were used to designate identical or similar elements, the reserve of heat-curable 
resin 600 Is not confined in the pockets. On the contrary, it occupies an annular space between 
the core 5 and the inner skin 6. which extends the full length of the preform 7, including opposite 
the outer reinforced skin areas that are not easily defomnable (see Figure 9). During the 
application of the internal pressure p. the liquid resin migrates to the inside of the core 5. Toward 
the exterior, however, it will only push out into the easily deformable sections 8. forming 
anchoring rolls 8* there. 

This preform variant has a lower production cost than a preform with pockets. 

By way of example, the outer skin 7 has a thickness on the order of 2'to 3 mm. the core 5 
has a thickness of between 6 and 15 mm. the resin 600 has a thickness on the order of 0.4 mm 
and the inner skin 6 has a thickness on the order of 2 mm. 

Although in the method of implementing the invention that has just been described with 
reference to the drawings, the casing was for a vertical well, and more specifically an oil well 
bore-hole, the present invention also applies to the casing of underground wells that are not 
necessarily vertical, and to the casing of conduits, for example pipelines or gas pipelines, for the 
purpose of repairing them in situ by installing an Internal lining. 
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1. Flexible preform that is radially foldable and curable in situ , after it has been placed in 
a well or in a conduit, in order to constitute a cylindrical casing therein, characterized by the fact 
that the preform has. along Its wall, annular curable zones (3) that are radially and outwardly 
deformable so that they apply against the wall (20) of the well (2) or conduit, and which form, after 
curing, anchoring and sealing locks for the casing. 

2. Preform according to claim 1. characterized by the fact that it has a reservoir of heat- 
curable resin (60. 600) on its inner side that can migrate radially outward through the wall (10) 
under the effect of an internal pressure (p). 

3. Preform according to either of claims 1 or 2. characterized by the fact that it has an 
elastlcally defomiable outer skin (7), certain sleeve-shaped sections (8. 8*) of which have a 
capacity for the radial deformation that is significantly greater than that of the rest of the skin (7). 
these sections accomplishing said locks (3). 

4. Preform according to claim 3. characterized by the fact that the easily-deformable 
sections (8. 8') are made of non-reinforced elastomer while the rest of the skin (7) is made of 
reinforced elastomer. 

5. Prefomi according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact that said reservoir consists of annular pockets situated 
opposite said sections (8) of easily-deformable outer skin. 

6. Preform according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact said reservoir (600) extends the full length of the 
prefomi. including opposite the areas of outer skin that are not easily deformable. 

7. Preform according to either of claims 5 or 6, characterized by the fact that the wall of 
the prefomi is composed of a heat-curable resin core (5) and two skins made of elastomer 
material, one inside (6) and one outside (7), said reservoir containing the resin (60, 600) being 
delimited by the core (5) and by the inner skin (6). 

8. Preform according to claim 7. characterized by the fact that the core (5) has a filament- 
type reinforcing structure (50) embedded in the resin. 
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9. Preform according to any of claims 1 to 8, characterized by the fact that it is provided 
with annular seal rings (9) encircling the curable zones (3) intended to constitute the locks. 

10. Method for the positioning, anchoring, and sealing of a preform as described above 
5 inside a well or cylindrical conduit, according to which: 

a) the preform (1) in Its folded state is inserted in a well (2) or conduit, the diameter of 
which is a little larger than that of the prefomn v^en it has been radially deployed; 

b) a fluid under pressure is introduced into the preform (1) to change it to a strictly 
cylindrical state; 

10 c) said annular zones (3) are deformed outward to apply them against the wail (20) of the 

well (2) or conduit; 

d) the preform (1) and the annular zones (3) are cured. 

11. Method according to daim 10, applied to a preform according to either of claims 5 or 
6. characterized by the fact that in step c) the resin (60) contained in the annular pockets is 

15 heated in order to liquefy it and cause it to migrate outward under the effect of the internal 
pressure (p). and that in step d). this resin and the resin of the wall of the preform are maintained 
at the polymerization temperature for enough time to obtain the curing of the whole. 



[see original for figures] 



INTERNATIONAL SEARCH REPORT 



original for two, 2-page Search Reports in English] 




TRANSPERFECTITRANSUTIONS 



AFFIDAVIT OF ACCURACY 



ATLANTi 
BOSTON 
BRUSSELS 
CHICAGO 
DALLAS 
DETROIT 
FRANKFURT 
HOUSTON 
LONDON 
LOS ANGELES 
MtAMt 
MINNEAPOLIS 
NEW YORi: 
PARIS 
PHILADELPHIA 
Sah DiEGC 
SAN f RANCI3CC 
SEATTLE 
WASHINGTON DC 



I. Kim Stewart, hereby certify that the following is. to the best of my 
knowledge and belief, true and accurate translations performed bv 
professional translators of the following patents from French to English: 

wo 99/25951 
WO 97/06346 
WO 96/2 1 083 
WO 96/01937 
WO 94/25655 
2 780 751(98 08781) 



2 717 




WJ//W' 



Kim Stewart 
TransPerfect Translations, Inc. 
3600 One Houston Center 
1221 McKinney 
Houston, TX 77010 



Sworn to before me this 
23rcl day of January 2002. 

Signature, Notary Public 



'OP 



OHFlcrAL SEAL 

MARIA A. SERNA 

NOTARY PUBUC 

inaf>dforth<i8t«w»oiT«M 
Mv commtsrfon <9ms 03.2£.?ooo 



Stamp, Notary Public 
Harris County 
Houston, TX 



3aOO ONE HOUSTON CENTER. 122] MCKINNEY. HOUSTON. 



TX 77010 



TEL 713 6S0-0440 FAX 713 650-0439 VVWW.TRANSP£rf£ct. 



COM 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 
COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 
LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 





